Biogas production is a clean, low carbon technology that is useful for efficient management and use of organic waste. Composition of organic waste plays an important role in biogas production. In the present investigation, fuzzy indicator modeling has been utilized for assessing 10 compositions of organic waste. Evaluation of these compositions was carried out using individual fuzzy indicators with two variables: "Methane" and "Hydrogen sulfide". Alternative ranking of variants of composition is given.
Introduction
In general, indicators are a subset of many possible compositions and can be derived from biophysical, economic, social, management, or institutional attributes. These indicators can be developed from a range of measurement types (Walker, 2002) . Indicators can be used as valuable tools in evaluation and decision-making processes because they synthesize information and can thus be used to help understand a complex system. Currently, indicators are heavily used in evaluating land use changes in rural areas (de la Rosa and van Diepen, 2002) and agricultural sustainability.
Recently, several fuzzy indicator models have been developed to address a variety of questions and problems related to decision making. These include models for the assessment of soil contamination by heavy metals (Badenko et al., 2014) , developing fuzzy indicators for evaluation of agricultural land suitability (Krueger-Shvetsova & Kurtener, 2003; Baja et al., 2002 Baja et al., , 2007 , quality estimation of data collection (Kurtener et al., 2004a (Kurtener et al., , 2004b , evaluation of yield maps (Krueger et al., 2010) , zoning of agricultural fields (Torbert et al., 2014) , evaluation of ecological conditions (Arkhipov et al., 2008) , evaluation of agricultural soil resources (Kurtener, & Sukhanov, 2014) , soil quality assessment , and zoning of agricultural fields (Kurtener et al., 2011) .
A new area for utilizing fuzzy indicator modeling is the assessment of organic waste composition.
This may be important to assess the composition of organic waste as it relates to biogas production. Production of biogas is based on the treatment of different organic wastes using anaerobic digestion. Anaerobic digestion is a biological process that involves bacteria breakdown of compounds in organic waste material to generate methane, carbon dioxide, and simple organic compounds (Rajput et al., 2012) .
Various wastes are utilized for biogas production including animal and industrial wastes (Bolzonella et al., 2003; Thanikal et al., 2014) , food processing wastes (Park et al., 2008) , and vegetable wastes (Ranjitha et al., 2014; Viturtia et al., 1989; Misi & Forster, 2002; Velmurugan et al., 2011; Knol et al., 1978) . Vegetable wastes, due to their high nature of biodegradability (Viturtia et al., 1989; Misi & Forster, 2002) and moisture content (75 -90%) seemed to be a good substrate for bio-energy recovery through anaerobic digestion processes (Velmurugan et al., 2011) . The waste from other biodegradable sources could be utilized as a feed material for gas production. Bolzonella et al. (2003) studied anaerobic digestion of mechanically sorted organic fractions of municipal solid wastes.
Currently special attention has been given to humic acids substrates (Ostrovskij, 2014; Ostrovskij et al., 2014; Tsukanov et al., 2014) , which are highly ecologically clean natural coenzymes in biogas plants.
Accurate descriptions of the study of biogas production processes require simulation of a non-linear system with poorly quantified uncertainties. Contrasted against conventional mathematics, fuzzy logic provides a formal mathematical structure for analyzing complex processes.
The objective of this work was to utilize fuzzy logic modeling to evaluate organic fuel for biogas production. The manuscript addresses the use of fuzzy indicator modeling to evaluate different compositions of organic wastes and provides an example to illustrate this approach.
Materials and Methods

Fuzzy indicator model for evaluating organic fuels
Fuzzy indicators are a special class of quality indices based on fuzzy sets theory (Jager, 1995; Pedrycz & Gomide, 1998) . Fuzzy sets theory is a generalization of conventional set theory, in which the concept of belonging to a set has been modified to include partial degrees of membership (i.e., values along a continuum between 0 and 1) encoded in a fuzzy membership function (MF). The MF is the central concept of the fuzzy sets theory and represents the relationship of an element to a set.
The MF of a fuzzy set is expressed on a continuous scale from 0 (full non-membership) to 1 (full membership).
The fuzzy indicator model used two general types of fuzzy indicators (FI). These two types were the individual fuzzy indicators (IFI) and the combined fuzzy indicators (CFI).
Evaluation of different compositions of organic fuel for biogas production was carried out using two variables: "Methane" and "Hydrogen sulfide". According to experimental data, the value of the variable "Methane" is equal to 64% (or more) and can be equated with a score of 100 points. If the value of the variable "Methane" is less than 54%, then the score should be reduced to 0 points.
Taking into account this assumption, an individual fuzzy indicator for the variable "Methane" (IFI M ) was built using the linear built-in membership function. The value of the variable "Hydrogen sulphide" is equal to 961 ppm (or more) and can be equated with a score of 100 points. If the value of the variable "Hydrogen sulfide" is less than 104 ppm, then the score should be reduced to 0 points. Taking into account this information, an individual fuzzy indicator for the variable "Hydrogen sulphide" (IFI Hs ) was built using the S-shaped built-in membership function. A combined fuzzy indicator (CFI) is defined using fuzzy aggregated operations and gives an integrated estimate of the biofuel composition.
Experimental data
The data utilized in this manuscript were obtained from an experiment conducted between 2006 and 2009 at an industrial biogas plant (EuroConcord Corporation GmBH, Berlin) in Saxony, Germany.
This biogas plant used the classic "wet" method of recycling organic waste which consisted of three parts: hydrolyser, main reactor, and gasholder. Monitoring of the main parameters was done using Siemens CPU 315-DP2 industrial controllers. During this period, the experimental data consisted of 1263 records. A fragment of this data is shown in Table 1 .
Results and Discussion
Using the experimental data, we defined several compositional variants of organic waste (Table 2) .
Using experimental data (Table 3) , the individual fuzzy indicators for the variables "Methane" (IFI M ) and "Hydrogen sulphide" (IFI Hs ) were computed (Table 4) . Individual fuzzy indicators can be used to estimate how the values of these variables approach a maximum. Table 4 shows that these variables changed within the range of 0.5 to 0.8.
Computation of the mean combined fuzzy indicator (CFI mean ) (Table 5) showed that the composition variant #10 (see Table 2 ) had a CFI mean = 0.824306. Hence, variant #10 was determined to be the best. The composition variant #2 had a CFI mean = 0.739732 indicating that this variant was the second best. Table 5 shows that composition variant # 5 was the worse since its CFI mean was 0.500782. 
Conclusion
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